We investigated the expression of methyl transferase G9a and methylated histone H3-K9 in fresh human decidual/endometrial tissue of 12 normal early pregnancies and 15 unexplained recurrent spontaneous abortions (URSA). The samples were obtained through dilatation and curettage and collected as per strict inclusion -exclusion criteria. The tissue was subjected to immunohistochemical analysis (IHC), western blotting (WB) and RT-PCR analysis. The results demonstrated methyl transferase G9a to have a lower expression in abortions when compared with that in normal pregnancy (P , 0.05). The sensitivity of RT -PCR, IHC and WB were respectively 66.67, 75 and 71.43%, while specificity of the same were 66.67, 60 and 78.92%, respectively. Methylated histone H3-K9 was significantly lower (P , 0.0001) in URSA tissues than in controls. This study suggests that methylation may cause URSA and indicates the need for further work to explore the role of methylation in URSA and its possible prevention through locally acting methylating/demethylating agents.
Introduction
Unexplained recurrent spontaneous abortion (URSA) is defined as a minimum of two consecutive abortions in women desirous of a child (Meka and Mohan Reddy, 2006) . URSA is a serious socioeconomic problem affecting 5% of fertile couples and a focus of scientific research (Coulam et al., 1997) . URSA without a history of live birth are categorized as primary URSA and those with a history of live birth(s) are categorized as secondary URSA (Meka and Reddy, 2006) . Spontaneous abortions are further categorized as 'inevitable' or 'incomplete'. Inevitable abortions show a dilated cervix although the fetus has yet to be expelled in a spontaneous abortion (Kaufman et al., 2007) . Usually, this will progress to a complete abortion. An incomplete abortion occurs when tissue has been passed, but some remains in utero (MedlinePlus, 2004) .
The study samples comprised 80% of patients with secondary URSA and 20% primary URSA. In the URSA group, 60% were inevitable and 40% incomplete abortions. Absence of congenital, inflammatory, traumatic, neoplastic, degenerative and/or biochemical factors in URSA led us to focus the study on epigenetic factors.
DNA methylation is one of the main epigenetic modifications of DNA in mammals, and is involved in tissue-specific gene expression, X chromosome inactivation, genomic imprinting, immobilization of mammalian transposons and suppression of transcriptional noise (Bird and Wolffe, 1999; Jones and Takai, 2001; Reik and Walter, 2001) . In this study, we investigated the expression of methyl transferase (G9aMT) and methylated histone H3-K9 in both URSA and normal early pregnancies (NEP/normal pregnancy) and compared the results statistically.
G9aMT is one of the methylation associated molecules found to be associated with early embryonic development in mice (Tachibana et al., 2002) and involved in methylation of the H3-K9, responsible for silencing of euchromatic gene (Tachibana et al., 2002; Peters et al., 2001) . G9aMT is also known as human euchromatic histone-lysine N-methyl transferase 2, human leukocyte antigen-B-associated transcript 8 and protein G9a. It is a nuclear protein associated with euchromatic regions of chromosome. Previous studies on URSA have not evaluated the expression of G9aMT. Since it is observed that an increasing number of imprinted genes are found in placenta and not in the embryonic tissues (Engemann et al., 2000; Zwart et al., 2001; Clark et al., 2002; Yatsuki et al., 2002) , we selected the maternal portion of the tissue samples for the analysis. The goal of this study was to determine whether there is a difference between the molecular expression of G9aMT in URSA compared with normal pregnancies.
Materials and Methods

Sample collection
We have collected fresh placental (maternal portion)/decidual/endometrial tissue samples (Table I ) from the subjects of 12 NEP and 15 URSA (3 primary and 12 secondary aborters) and divided the sample into two parts. The first part was directly kept in an autoclaved vial, snapfrozen in liquid nitrogen and stored at 2808C for RNA (RT-PCR) and protein analysis (western blot). The second part of the saline-washed collected specimen of tissue was kept in 10% buffered formalin stored at room temperature for immunohistochemical (IHC) analysis. All the samples were collected as per strict inclusion -exclusion criteria from the subjects after taking prior permission from the concerned authorities. Additional informed written consent was also obtained from each subject for carrying out the tests, and for publishing their results; without disclosing the subject's identity. IHC analysis was carried out in accordance with the method described by De Luca et al. (1997) . Paraffined sections of each tissue sample were cut at 5 -7 mm, mounted on glass slides and dried overnight at 378C. The tissues were deparaffinized in xylene, rehydrated through a graded ethanol series and washed in phosphate-buffered saline (PBS). PBS was used for all subsequent washes and for antiserum dilution. Tissue sections were quenched sequentially in 0.5% hydrogen peroxide (H 2 O 2 ) and blocked with PBS containing 3% skimmed milk for 1 h at room temperature. Slides were then incubated at 48C overnight with rabbit antihuman G9a methyl transferase antibody (Sigma, Product Number-G6919) at a 1:100 dilution. After several times washing to remove excess antibodies, the slides were incubated with diluted goat-anti-rabbit biotinylated antibody (Vector Laboratories) for 30 min. All the slides were then processed by the ABC method (Vector Laboratories) for 30 min at room temperature. 3,3
IHC studies
′ -diaminobenzidine (DAB) was used as the final chromogen. Negative controls for each tissue section were prepared by substituting the primary antiserum with the isotype-matched non-immune goat immunoglobulin G (IgG). All samples were processed under the same conditions.
A semi-quantitative assessment method was used, as described earlier by Gompel et al. (1994) and Koh et al. (1995) . An average of five fields was observed for each specimen, as recommended by De Falco et al. (2001) . All values were expressed as means + SEM, and differences were compared by using Student's t-test (Bliss, 1967) . The advantage of IHC is the precise localization of the protein on the placental/decidual/endometrial section.
IHC controls: for positive and negative control we performed immunocytochemical analysis, human embryonic kidney-293 (HEK-293) cells were grown on coverslips in Dulbecco's modified Eagle's media supplemented with 10% fetal bovine serum, penicillin (100 units/ml) and 100 mg/ml streptomycin. Cell cultures were maintained at 378C in a humidified atmosphere with 5% carbon dioxide.
Cells were fixed with ice-cold methanol:acetone (1:1v/v) for 10 min at -208C and rehydrated with 1X PBS (pH 7.4). Endogenous peroxidase activity was blocked by immersing for 30 min the coverslips in methanol (100%) containing 3% (v/v) hydrogen peroxide. Cells were washed with PBS, and non-specific binding was blocked by incubation with 3% bovine serum albumin (BSA) for 20 min. G9aMT antibodies were used at a dilution of 1:50 in 1% BSA, and cells were incubated for 16 h at 48C. The primary antibody (G9a, Product Number-G6919, Sigma) was detected using biotinylated secondary antibody and peroxidase-labeled Streptavidin complex using Dako LSAB plus kit (Dako Co., Denmark). The color was developed using the chromogen, DAB. Finally, the slides were counterstained with Mayer's hematoxylin and mounted with DPX Mountant. Parallel sections in which the primary antibody was replaced by nonimmune mouse IgG (goat-anti-rabbit) of the same isotype were examined to ensure specificity (Sp) and to exclude cross-reactivity between the antibodies and conjugates used.
Western blot
Protein was extracted from the maternal portion decidual endometrial tissue. About 3 mg of wet tissue was processed through the method described by Berkova et al. (2001) . Ten micrograms of protein was quantified by the Lowry et al. (1951) method. Proteins were separated by sodium dodecyl sulfate (SDS) -polyacrylamide gel electrophoresis (PAGE) and transferred to polyvinylidene difluoride membranes by electro-blotting and reacted with the primary antibodies to G9aMT (Product Number-G6919, Sigma) at a dilution of 1:50 with 0.5% skimmed milk in Tris-buffered saline (pH 7.5). The membranes were then immersed in the reaction buffer containing peroxidase-conjugated isotype-matched non-immune goat IgG with 0.5% skimmed milk. The reacted bands were developed with a hydrogen peroxide and DAB. Reacted bands of G9aMT were scanned, and band intensities were quantified with Chemi Imager IS-4400 (Alpha Innotech Corp., San Leandro, CA). Statistical analysis was carried out by independent t-test with the SPSS software (version 9.01, SPSS, Chicago).
RT-PCR
Briefly, cDNA was prepared by using 1 mg of total RNA and moloney murine leukemia virus reverse transcriptase (Gibco BRL Inc., Gaithersburg, MD) with oligo dT as the primer. Primers used for the amplification of G9aMT (285 bp)-specific sequences were forward:5 ′ GAGGTG TACTGCATAGATGCC 3 ′ and reverse:5 ′ -CAGAC GGCTCTGCTCCAGGGC-3 ′ (Integrated DNA technology, USA). The PCR cycling parameters were: initial denaturation at 948C for 5 min; 30 cycles of 948C for 1 min, 648C for 1 min and 728C for 2 min and final extension at 728C for 10 min. PCR for b-actin was reversetranscribed for all the samples to check for the quality and quantity of the initial RNA used. The PCR-amplified products were electrophoresed on 1.2% agarose gels and bands were visualized by ethidium bromide staining.
Histone extraction and H3-K9 methylation detection through immunoblot
Tissue cells were lysed in either a Triton X-100-based extraction buffer [PBS containing 0.5% Triton X-100 (v/v)] or a radioimmune precipitation buffer containing SDS (Santa Cruz Biotechnology, Inc.) on ice for 10 min with gentle agitation. Cell lysates were centrifuged at 10 000g for 10 min. After removing the supernatant, the pellets were washed two times with a Tris -EDTA buffer (pH 8.0, 10 mM). Pellets were collected after centrifugation at 10 000g for 10 min. Washed pellets were resuspended in 0.4 N H 2 SO 4 and incubated at 48C overnight. After centrifugation at 10 000g for 15 min, the supernatants were collected. Extracted histones were then precipitated by the addition of acetone. The precipitated histones were resuspended in 4 M urea (Duan et al., 2008) .
Approximately equal amounts of histones were subjected to SDS -PAGE followed by electro-transferring fractionated samples to polyvinylidene difluoride membranes. The protein blots were probed with antibodies to H3-K9 [Rabbit antibody against trimethylated H3-K9) (Upstate (Millipore) Cat. No. 07-442]. Specific signals were detected using horseradish peroxidase-conjugated goat-anti-rabbit secondary antibodies (Cell Signaling Technology). Specific signals were detected using SuperSignal chemiluminescence reagents (Thermo Inc.). Equal amounts of histone loading were determined by Coomassie Blue staining.
Statistical analysis
The sensitivity (Sn) and specificity (Sp) for the genes were quantified as receiver operating characteristic (ROC) curves. The relationship between the protein expression and clinico-pathological parameters were tested by x 2 and Fischer's exact test. Two-sided P-values were calculated and P ≤ 0.05 was considered to be significant (Zweig and Campbell, 1993) . G9aMT and methylated histone (H3-K9) in URSA versus normal pregnancy
Results
IHC/immunocytochemical analysis
IHC analysis for G9aMT was performed in the decidual endometrial tissue (maternal, placental portion) of 15 URSA and 12 normal pregnancy subjects. Intense cytoplasmic immunoreactivity was observed only in the glandular epithelial tissue (Fig. 1C) , whereas no detectable immunoreactivity was observed in nucleus or in other regions in normal tissue. No immunoreactivity was observed in URSA-tissue sections (Fig. 1D ). G9aMT expression (Table II) was found to be significantly lower in URSA when compared with that in normal pregnancy (P ≤ 0.001, 95% confidence interval, CI ¼ 0.61-0.93). Out of 15 URSA decidual tissues, 9 tissues (60%) showed no G9aMT immunopositivity, whereas 6 tissues (40%) showed weak immunopositivity. Of the 12 normal decidual tissues, 9 showed positive staining (6 strongly). A mean value of 1.83 + 0.37 was obtained for the 12 normal samples, which was higher than the mean value for 15 URSA samples (0.40 + 0.13).
Validation of G9aMT expression by RT -PCR and western blotting
The western blot analysis (Table III ; Fig. 2 ) showed low intensity G9aMT band of 180 KDa in the URSA when compared with normal pregnancy cases with a statistically significant P , 0.001.
The G9aMT mRNA (Fig. 3) in the URSA was also found to be underexpressed when compared with normal. The fold change (Table IV) observed in normal pregnancy was higher compared with the fold change in URSA with a P-value of 0.016.
H3-K9 methylation
We analyzed the levels of methylated H3-K9 using western blotting (WB; as described in the material and method section) (Fig. 4 ; Table V ). The methylated H3-K9 was more highly expressed in the NEP cases compared with that of URSA with 0.70 + 0.07 fold change versus 0. 27 + 0.06.
ROC curve analysis
The ROC curve analysis was carried out to calculate Sn, Sp and area under the curve (AUC). The ROC curve analysis (Fig. 5 ) was used to determine the diagnostic potential of G9aMT for URSA. The values for AUC were 0.81 (P ¼ 0.007) for IHC. The positive predictive value (PPV) determined using ROC curve analysis was 75%, whereas the negative predictive value (NPV) was 60% for G9aMT. The WB-ROC curve analysis (Fig. 5 ) of G9aMT showed AUC of 0.82 (P ¼ 0.008), with 71.43% of PPV and 78.92% of NPV and a CI between 0.64 and 0.98.
The ROC curve analysis of RT -PCR (Fig. 5) showed 66.67% of PPV and 66.67% NPV with an AUC of 0.75 which is significant showing a difference between normal and URSA cases with P-value of 0.028 and CI ¼ 0.54 -0.89.
Discussion
Epigenetic patterns such as DNA methylation/demethylation govern the fate of pregnancy. It has been noted that although there are approximately equal numbers of maternally and paternally expressed imprinted genes (http://www.mgu.har.mrc.ac.uk/imprinting/ imprinting.html), most differentially methylated regions (DMRs) are methylated in oocytes, and compared with very few in sperm (Reik et al., 2001; Wilkins and Haig, 2002) . It is also observed that an increasing number of imprinted genes are found in placenta compared with that of embryonic tissues (Engemann et al., 2000; Zwart et al., 2001; Clark et al., 2002; Yatsuki et al., 2002) , which was the basis for our selection of the maternal portion of tissues for the analysis.
DNA methylation is one of the epigenetic processes involved in reprogramming of the zygote from the cleavage stage till the morula/blastula stage. The maternal genome demethylation occurs at the zygote stage as a required preface for DNA replication, further accompanied with the maintenance of sequestered methyl transferase in cytoplasm. The methylation imprints in DMRs are maintained in the nucleus of 8-cell-stage embryos through methyl transferase (Howell et al., 2001) . The study of Monk et al. (2008) on G9a and the Polycomb group protein embryonic ectodermal development using knock-out mice showed silencing of paternal allele of placentalspecific imprinted gene through repressive histone methylation.
Our data supported the notion that H3-K9 methylation may contribute to transcriptional repression (Litt et al., 2001; Nakayama et al., 2001; Noma et al., 2001) , leading to the abortion of unknown etiology in humans. G9a 2/2 mice showed lethality of the embryos, indicating the prime importance of this methyl transferase during implantation and pregnancy (Tachibana et al., 2002 To the best of our knowledge, this is the first report showing the differential expression of G9a methyl transferase (G9aMT) at the transcription and protein level in human cases of URSA. G9aMT mRNA and protein expression were reduced in URSA when compared with those in normal samples. Western blot analysis indicated that this corresponded with a lower methylated H3-K9 in URSA compared with normal tissue samples. IHC analysis showed overexpression of the G9aMT protein in the cytoplasmic glandular regions and the decidual cells in normal pregnancy, whereas URSA showed low or no G9aMT expression. IHC results clearly demonstrated an intense cytoplasmic staining in some cases with lower or even absence of G9aMTexpression in nuclear immunoreactivity, suggesting that G9a accumulation in the cytoplasm is necessary during the first trimester of the normal pregnancy. In contrast, lower or no G9a expression was observed either in cytoplasm or in the nucleus of aborted tissues. And this led us to conclude that there may be something effecting the repression or absence of G9a, which can finally result in abortion with unknown etiology.
To verify the expression results, we also conducted immunocytochemical analysis of G9a on the HEK-293 cells, as known positives for nuclear G9a reactivity (Tachibana et al., 2001 ) and confirmed our results for correct staining in the tissues (Supplementary data,  Fig. S6 ). We conducted an ROC curve analysis for finding the diagnostic/prognostic potential of the IHC for URSA or abortion cases, which gave 75% Sn and 60% Sp, whereas the results of the IHC were statistically significant with P ≤ 0.001, and, 95% CI ¼ 0.61 -0.93. G9a expression patterns examined through western blot and RT-PCR fetched parallel results as that of IHC.
The Statistical analysis showed significant difference between the two groups (P , 0.05). The IHC, western Blot, and RT-PCR showed a very significant down-regulation of G9a methyl transferase.
The ROC curve analysis (Fig. 5) showed AUC 0.81 for G9aMT, suggesting that it could be used as a good diagnostic marker for URSA.
Our study on G9a may not be related to the hypermethylation of imprinted genes but it may be related to the maintenance of methylation during pregnancy as indicative from the work of Pliushch et al. (2010) . DNA methylation patterns also play an important role in heterochromatin formation, mitosis, and regulation of genes and regional chromosome structure. Methylation of histone 3 lysine 9 (H3-K9) and histone 3 lysine 27 (H3K27) residues correlates with gene silencing by chromatin condensation (Lachner and Jenuwein, 2002; Tachibana et al., 2002) . In nuclear transfer embryos, abnormal patterns of methylation for DNA and H3-K9 have been reported (Santos et al., 2003) . But no work is reported on human abortion that shows a variation in the expression of G9a in the decidual endometrial tissue or its particular relation to the abortions that are occurring in the human population with unknown etiology. In our opinion, there is a need for further work on a larger and diverse population of the world, fulfilling all the inclusion -exclusion criteria (Supplementary data) used in our study, before it is possible to conclude whether the status of G9a and H3-K9 methylation has a role in URSA.
